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(57)Abstract: 

PROBLEM TO BE SOLVED: To calculate various types of 
control parameters for a pneumatic system, without promoting 
errors between the actual air volume and a target air volume of 
an engine. 

SOLUTION: Based on the current accelerator opening and an 
engine rotational speed Ne and the like, requested torque is 
calculated by a requested torque calculation means 51 based 
on the current requested torque and the engine rotational 
speed Ne and the like, the target air volume is calculated by a 
target air volume calculation means 52, and based on the target 
air volume and engine rotational speed Ne, the target throttle 
opening is calculated by the target throttle opening calculation 
means 53. Based on the target air volume and engine rotational 
speed Ne, control parameters for the pneumatic system (target 
EGR opening, target VVT spark-advance value, target SCV 
opening) which forms the factors of varying a cylinder filled air 
volume are calculated by a target VVT spark-advance value 
calculating means 56 and a target SCV opening calculating 
means 57. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The control unit of the internal combustion engine characterized by having the air processing 
subsystem control means which uses said target air volume and/or said target intake pressure, and calculates 
the control parameter of said air processing subsystem in case the control parameter of an air processing 
subsystem which becomes the fluctuation factor of the air content with which it is filled up in a cylinder in 
the control unit of the internal combustion engine which judges demand torque based on accelerator opening 
etc., and calculated target air volume and/or a target intake pressure is calculated. 

[Claim 2] Said air processing subsystem control means is the control unit of the internal combustion engine 
according to claim 1 characterized by calculating an exhaust air ring current valve, an airstream control 
valve, and at least one control parameter in adjustable bulb equipment, using said target air volume and/or 
said target intake pressure as a control parameter of said air processing subsystem. 

[Claim 3] Said air processing subsystem control means is the control unit of the internal combustion engine 
according to claim 1 or 2 characterized by calculating the control parameter of said air processing subsystem 
using the amendment target air volume and/or the amendment target intake pressure to which only the 
amount of inhalation-of-air delay carried out delay amendment of said target air volume and/or said target 
intake pressure. 

[Claim 4] Said air processing subsystem control means is the control unit of the internal combustion engine 
according to claim 1 or 2 characterized by calculating the control parameter of said air processing subsystem 
to said target air volume and/or said target intake pressure using the amendment target air volume and/or the 
amendment target intake pressure which performed delay amendment of inhalation-of-air delay, and 
progress amendment of actuation delay of each actuator of said air processing subsystem. 
[Claim 5] Said air processing subsystem control means is the control unit of the internal combustion engine 
according to claim 1 to 4 characterized by switching the 1 st control mode which calculates the control 
parameter of said air processing subsystem using said target air volume and/or said target intake pressure, 
and the 2nd control mode which calculates the control parameter of said air processing subsystem using a 
real air content and/or a real intake pressure according to a service condition. 

[Claim 6] Said air processing subsystem control means is the control unit of the internal combustion engine 
according to claim 5 characterized by switching to said 1 st control mode at the time of steady operation, and 
switching to said 2nd control mode at the time of transient operation. 

[Claim 7] Said air processing subsystem control means is the control unit of the internal combustion engine 
according to claim 5 or 6 characterized by switching to said 1st control mode at the time of an idle, and 
switching to said 2nd control mode at the time of transit. 

[Claim 8] He is the internal combustion engine of the injection type in a cylinder which injects a fuel 
directly into a cylinder from a fuel injection valve, and switches stratification combustion operation and 
homogeneity combustion operation according to a service condition. It has a target fuel quantity operation 
means to calculate target fuel quantity based on said demand torque at the time of stratification combustion 
operation. Said air processing subsystem control means At the time of stratification combustion operation, 
the control parameter of said air processing subsystem is calculated using said target fuel quantity. The 
control unit of the internal combustion engine according to claim 1 to 7 characterized by calculating the 
control parameter of said air processing subsystem using said target air volume and/or said target intake 
pressure at the time of homogeneity combustion operation. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control unit of the internal combustion engine which 
judges demand torque based on accelerator opening etc., and calculates an internal combustion engine's 
control parameter. 
[0002] 

[Description of the Prior Art] By automobile to which electronics control-ization in recent years went, in 
order to realize good drivability of the responsibility suitable for accelerator actuation of an operator, 
demand torque is judged based on accelerator opening etc., target air volume is set up, a throttle valve is 
driven by a motor etc. according to it, and there is a thing it was made to make a real air content in 
agreement with target air volume. Furthermore, in order to realize improvement in an output of an engine, 
exhaust air emission reduction, fuel consumption reduction, etc., there are some which carried the system 
with various exhaust air ring current systems (EGR system), adjustable valve timing systems, etc. These 
systems are controlled by the mounted computer according to engine operation conditions. As the example, 
as shown in JP,9-53519,A, there are some which set up the target EGR flow rate (target EGR opening) by 
carrying out the multiplication of the target EGR rate to the real air content detected with the air flow meter. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, although the air content with which it fills up in an 
engine cylinder is mainly controlled by throttle opening, it becomes the factor in which an EGR flow rate 
(EGR opening), valve timing, etc. fluctuate an air content. For example, there is a property that the air 
content (new air volume) inhaled in a cylinder decreases, so that EGR opening becomes large as shown in 
drawing 8 since an EGR flow rate increases and the difference (differential pressure of the throttle-valve 
upstream and a lower stream of a river) of an intake pressure and an atmospheric pressure becomes small so 
that EGR opening becomes large. 

[0004] Therefore, with the configuration which calculates target EGR opening using a real air content, to be 
shown in drawing 9 , if a real air content increases more than target air volume, it will be controlled by a 
certain cause so that EGR opening becomes small based on the adaptation map of EGR opening. By this, an 
EGR flow rate decreases, an intake pressure (pressure of a throttle-valve lower stream of a river) falls, and 
the differential pressure of the throttle-valve upstream and a lower stream of a river increases. Consequently, 
it lapses into vicious circle that a real air content increases more than target air volume increasingly. In 
short, with the configuration which calculates target EGR opening using a real air content, target EGR 
opening will calculate in the direction which promotes the error of a real air content further, and it lapses 
into vicious circle that the control precision (throttle control precision) of the real air content over target air 
volume falls increasingly. 

[0005] In addition, such a trouble is not limited to an EGR system, but also when calculating the control 
parameter of various kinds of systems of an air processing subsystem leading to [ of the air content with 
which it is filled up in a cylinder ] fluctuation, such as an adjustable valve timing system and a swirl control 
valve, based on a real air content, the same problem produces it. Moreover, also when calculating the 
control parameter of these air processing subsystems based on a real intake pressure, the same problem 
arises. 

[0006] This invention is made in consideration of such a situation, therefore without promoting the error of a 
real air content (real intake pressure) and target air volume (target intake pressure), the purpose can calculate 
various kinds of control parameters of an air processing subsystem, and is to offer the control unit of the 
internal combustion engine which becomes controllable [ the stable air processing subsystem which cannot 
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be easily influenced by the real air content (real intake pressure) of fluctuation ]. 
[0007] 

[Means for Solving the Problem] In the control unit of the internal combustion engine which judges demand 
torque based on accelerator opening etc., and calculates target air volume and/or a target intake pressure, in 
order to attain the above-mentioned purpose, in case claim 1 of this invention calculates the control 
parameter of an air processing subsystem leading to [ of the air content with which it is filled up in a 
cylinder ] fluctuation, target air volume and/or a target intake pressure are used for it, and it calculates the 
control parameter of an air processing subsystem by the air processing subsystem control means. Without 
promoting the error, even when an error arises between a real air content (real intake pressure) and target air 
volume (target intake pressure) if it does in this way, the control parameter of an air processing subsystem 
can be calculated and it becomes controllable [ the stable air processing subsystem which cannot be easily 
influenced by the real air content (real intake pressure) of fluctuation ]. 

[0008] In this case, you may make it calculate an exhaust air ring current valve, an airstream control valve, 
and at least one control parameter in adjustable bulb (swirl control valve etc.) equipment (adjustable valve 
timing equipment or adjustable valve-lift equipment) like claim 2, using target air volume and/or a target 
intake pressure as a control parameter of an air processing subsystem. That is, since each of exhaust air ring 
current valves, airstream control valves, and adjustable bulb equipments becomes the main factors which 
fluctuate an air content, if this invention is applied to the internal combustion engine having at least one of 
these, they will become controllable [ the stable air processing subsystem which cannot be easily influenced 
by the real air content (real intake pressure) of fluctuation ]. 

[0009] In addition, although you may make it calculate all those control parameters based on target air 
volume (target intake pressure) when two or more control parameters of an air processing subsystem leading 
to [ of an air content ] fluctuation exist, you may make it calculate only some [ main ] control parameters of 
them based on target air volume (target intake pressure). 

[0010] Moreover, you may make it calculate the control parameter of an air processing subsystem like claim 
3 using the amendment target air volume and/or the amendment target intake pressure to which only the 
amount of inhalation-of-air delay carried out delay amendment of target air volume and/or the target intake 
pressure in consideration of delay arising, by the time inhalation air passes a throttle valve and is inhaled in 
a cylinder. If it does in this way, a gap of the timing of the target air volume (target intake pressure) by 
inhalation-of-air delay and the control parameter of an air processing subsystem can be compensated, and 
the operation precision of the control parameter of an air processing subsystem can be improved. 
[001 1 ] In this case, you may make it calculate the control parameter of an air processing subsystem like 
claim 4 using the amendment target air volume and/or the amendment target intake pressure which 
performed progress amendment of actuation delay of each actuator of an air processing subsystem in 
addition to the delay amendment of inhalation-of-air delay, thus — if it carries out — amendment of 
inhalation-of-air delay — in addition, the actuation delay of each actuator of an air processing subsystem can 
also be amended, the behavior of an actual air content and the behavior of the optimal air content of each 
actuator of an air processing subsystem can be made in agreement, and the operation precision of the control 
parameter of an air processing subsystem can be improved further. 

[0012] Moreover, you may make it switch the 1st control mode which calculates the control parameter of an 
air processing subsystem using target air volume and/or a target intake pressure, and the 2nd control mode 
which calculates the control parameter of an air processing subsystem using a real air content and/or a real 
intake pressure like claim 5 according to a service condition. 

[0013] For example, it switches to the 1st control mode at the time of steady operation, and you may make it 
switch to the 2nd control mode like claim 6 at the time of transient operation, that is, at the time of steady 
operation by which a service condition is maintained almost uniformly Since the real air content (real intake 
pressure) is controlled by the condition of having converged on target air volume (target intake pressure), If 
it switches to the 1 st control mode at the time of steady operation and the control parameter of an air 
processing subsystem is calculated using target air volume (target intake pressure) Even if it changes a real 
air content (real intake pressure) by a certain cause during steady operation, it can prevent that control of an 
air processing subsystem is confused in response to the effect of the fluctuation, and the stable air processing 
subsystem can be controlled. Moreover, at the time of transient operation from which a service condition 
changes, since the effect of inhalation-of-air delay appears, if it switches to the 2nd control mode and the 
control parameter of an air processing subsystem is calculated using a real air content (real intake pressure), 
it will become controllable [ the good air processing subsystem of responsibility ] to change of the service 
condition under transient operation. 
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[0014] Or it switches to the 1st control mode at the time of an idle, and you may make it switch to the 2nd 
control mode like claim 7 at the time of transit. If it does in this way, at the time of an idle, by switching to 
the 1st control mode, idle rotational speed is stabilized and the car vibration at the time of an idle etc. can be 
reduced. Moreover, at the time of transit, it becomes controllable [ the good air processing subsystem of 
responsibility ] to change of a service condition by switching to the 2nd control mode. 
[0015] Although invention of each claims 1-7 explained above is applicable to both a suction-port injection 
engine and the injection engine in a cylinder When applying to the injection engine in a cylinder, at the time 
of stratification combustion operation (at the time of compression stroke injection), the control parameter of 
an air processing subsystem is calculated like claim 8 using target fuel quantity. You may make it calculate 
the control parameter of an air processing subsystem using target air volume and/or a target intake pressure 
at the time of homogeneity combustion operation (at the time of injection like an inhalation-of-air line). That 
is, if target fuel quantity is used at the time of stratification combustion operation and the control parameter 
of an air processing subsystem is calculated in order to control an internal combustion engine's torque by 
fuel quantity at the time of stratification combustion operation, the proper control parameter according to 
demand torque can be set up. Moreover, if target air volume (target intake pressure) is used at the time of 
homogeneity combustion operation and the control parameter of an air processing subsystem is calculated in 
order to control an internal combustion engine's torque by the air content at the time of homogeneity 
combustion operation, the proper control parameter according to demand torque can be set up. 
[0016] 

[Embodiment of the Invention] The operation gestalt (1) which applied this invention to the suction-port 
injection engine is explained based on drawing 1 and drawing 2 below [an operation gestalt (1)]. 
[0017] First, based on drawing 1 , the outline configuration of the whole engine control system is explained. 
An air cleaner (not shown) is formed in the maximum upstream section of the inlet pipe 12 of the engine 1 1 
which is an internal combustion engine, and the air flow meter 13 which detects an inhalation air content is 
formed in the downstream of this air cleaner at it. The throttle valve 15 by which opening accommodation is 
carried out by the motors 14, such as a DC motor, is formed in the downstream of this air flow meter 13. 
The opening (throttle opening) of a throttle valve 15 is controlled by this motor 14 driving based on the 
output signal from the engine electronic control circuit (it being written as "ECU" below) 16, and the 
inhalation air content of each gas column HE is adjusted by that throttle opening by it. 
[0018] A surge tank 17 is formed in the downstream of this throttle valve 15, and the intake-pressure sensor 
1 8 which detects an intake pressure to this surge tank 17 is attached. The inlet manifold 19 which introduces 
air into each gas column of an engine 1 1 is connected to a surge tank 17, and the swirl control valve 20 
(airstream control valve) for controlling the swirl style in the cylinder of an engine 1 1 is formed in the inlet 
manifold 19 of each gas column. Near the suction port of the inlet manifold 19 of each gas column, the fuel 
injection valve 21 which injects a fuel, respectively is attached. An ignition plug 25 is attached in the 
cylinder head of an engine 1 1 for every gas column, and it is lit by the spark discharge of each point fire 
plug 25 at the gaseous mixture in a cylinder. 

[0019] The intake valve 26 and the exhaust air bulb 27 of an engine 1 1 are driven with cam shafts 28 and 
29, respectively, and the hydraulic adjustable valve timing equipment 30 (WT) which carries out adjustable 
[ of the closing motion timing (VVT tooth-lead-angle value) of an intake valve 26 ] according to operational 
status is formed in the cam shaft 28 of an inspired air flow path. The oil pressure which drives this 
adjustable valve timing equipment 30 is controlled by the hydraulic control valve 31. 
[0020] On the other hand, the catalysts 37, such as a three way component catalyst which purifies exhaust 
gas, are formed in the exhaust pipe 36 of an engine 1 1 , and the air-ftiel ratio sensor 38 (or oxygen sensor) 
which detects the air- fuel ratio (or rich/Lean) of an exhaust gas to the upstream of this catalyst 37 is formed 
in it. Between the upstream of the air- fuel ratio sensor 38 of the exhaust pipes 36, and a surge tank 17, the 
EGR piping 39 for making a part of exhaust gas return to an inspired air flow path is connected, and EGR 
valve 40 (exhaust air ring current valve) which controls the amount of exhaust air ring currents (the amount 
of EGR(s)) is formed while being this EGR piping 39. Moreover, the opening (accelerator opening) of an 
accelerator pedal is detected by the accelerator sensor 41 . 

[0021] ECU 16 which controls an engine operation condition is constituted considering a microcomputer as a 
subject, is performing the engine control program (not shown) memorized by the ROM (storage), and 
realizes the function of each means shown in drawing 2 . Hereafter, the function of each [ these ] means is 
explained. 

[0022] The demand torque operation means 5 1 calculates demand torque with a map or a formula based on 
current accelerator opening, a current engine speed Ne, etc. And the target-air-volume operation means 52 
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calculates target air volume with a map or a formula based on current demand torque, a current engine speed 
Ne, etc. 

[0023] Based on target air volume, an engine speed Ne, etc., the target throttle opening operation means 53 
calculates target throttle opening using the reverse model of an inhalation-of-air system model etc., outputs 
the control signal according to the target throttle opening to a motor 14 (throttle- valve driving means), 
drives a throttle valve 15, and controls real throttle opening to target throttle opening. In addition, in case 
target throttle opening is calculated, you may make it calculate target throttle opening in consideration of the 
control parameter of an air processing subsystem leading to [ of target air volume and the air content with 
which it is filled up in / other than an engine speed Ne / a cylinder ] fluctuation, i.e., target EGR opening, a 
target VVT tooth-lead-angle value (target valve timing tooth-lead-angle value), target SCV opening (target 
swirl control-valve opening), etc. 

[0024] The target EGR opening operation means 54 calculates target EGR opening on a map etc. based on 
target air volume, an engine speed Ne, etc., outputs the control signal according to the target EGR opening 
to the EGR valve driving means 55, such as a motor, drives EGR valve 40, and controls real EGR opening 
to target EGR opening. 

[0025] The target VVT tooth-lead-angle value operation means 56 calculates a target VVT tooth-lead-angle 
value on a map etc. based on target air volume, an engine speed Ne, etc., outputs the control signal 
according to the target WT tooth-lead-angle value to a hydraulic control valve 3 1 (WT driving means), 
drives adjustable valve timing equipment 30 (WT), and controls a real VVT tooth-lead-angle value to a 
target VVT tooth-lead-angle value. 

[0026] The target SCV opening operation means 57 calculates target SCV opening on a map etc. based on 
target air volume, an engine speed Ne, etc., outputs the control signal according to the target SCV opening 
to the SCV driving means 58, such as a motor, drives the swirl control valve 20 (SCV), and controls real 
SCV opening to target SCV opening. In addition, these targets EGR opening operation means 54, the target 
VVT tooth-lead-angle value operation means 56, and the target SCV opening operation means 57 play a role 
of an air processing subsystem control means as used in the field of a claim. 

[0027] On the other hand, the restoration air content operation means 59 in a cylinder calculates the 
restoration air content in a cylinder with an inhalation-of-air system model based on the output (MAP) of the 
output (throttle passage air content) of an air flow meter 13, engine-speed Ne, and the MAP sensor 18 etc. 
And the target fiiel quantity operation means 60 carries out division process of this restoration air content in 
a cylinder with the target air- fuel ratio set up with the target air- fuel ratio setting means 61, and calculates 
target fuel quantity. Target fuel quantity = the restoration air content in a cylinder / target air-fuel ratio x 
constant [0028] And the fuel-oil-consumption operation means 62 carries out the multiplication of various 
kinds of correction factors (a cooling water temperature correction factor, an air- fuel ratio feedback 
correction factor, study correction factor, etc.) to this target fuel quantity, calculates final fuel oil 
consumption, outputs the injection pulse of the pulse width according to this fuel oil consumption to the fuel 
injection valve driving means 63, and performs fuel injection. 

[0029] Moreover, the ignition timing operation means 64 calculates the ignition timing of each gas column 
on a map etc. according to engine operation conditions, drives the ignition plug driving means 65 at the 
ignition timing, impresses the high voltage to an ignition plug 25, and generates spark discharge. 
[0030] the control parameter (target EGR opening — ) of an air processing subsystem which becomes the 
fluctuation factor of the restoration air content in a cylinder with this operation gestalt (1) explained above 
Since target air volume is used and the control parameter of an air processing subsystem was calculated 
when calculating a target VVT tooth-lead-angle value and target SCV opening Without promoting the error, 
even when an error arises between a real air content and target air volume, the control parameter of an air 
processing subsystem can be calculated and it becomes controllable [ the stable air processing subsystem 
(EGR opening, a VVT tooth-lead-angle value, SCV opening) which cannot be easily influenced by the real 
air content of fluctuation ]. 

[003 1 ] By the time inhalation air passes a throttle valve 1 5 and is inhaled in a cylinder in [an operation 
gestalt (2)] and time, delay (inhalation-of-air delay) will arise, although the effect by inhalation-of-air delay 
does not appear at the time of steady operation engine operation conditions are maintained by whose about 1 
law, the effect of inhalation-of-air delay appears at the time of transient operation from which engine 
operation conditions change. 

[0032] so, with the operation gestalt (2) of this invention shown in drawing 3 and drawing 4 In case the 
control parameter (target EGR opening, a target VVT tooth-lead-angle value, target SCV opening) of an air 
processing subsystem is calculated, with the inhalation-of-air delay compensation means 66 Only the 
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amount of inhalation-of-air delay carries out delay amendment of the target air volume, and target EGR 
opening, a target VVT tooth-lead-angle value, and target SCV opening are calculated using this amendment 
target air volume with the target EGR opening operation means 54, the target WT tooth-lead-angle value 
operation means 56, and the target SCV opening operation means 57. 

[0033] As shown in drawing 4 , inhalation-of-air delay is approximated by first [ +] dead-time delay, only 
the amount of inhalation-of-air delay carries out delay amendment of the target air volume, and the 
inhalation-of-air delay compensation means 66 consists of a dead time element 67 (1/zn), a time constant 
setting means 68, and a first-order-lag filter 69. The target air volume calculated with the target-air-volume 
operation means 52 is delayed by the dead time, and a dead time element 67 is the target air volume x after 
delay (i). It inputs into the first-order-lag filter 69. The time constant setting means 68 calculates the time 
constant tau of the first-order-lag filter 69 on a map according to the current engine speed Ne. And as for the 
first-order-lag filter 69, only the amount of inhalation-of-air delay carries out delay amendment of the target 
air volume by the degree type, 
y 0) =y (i-l)+(ts/tau) x {x (i)-y (i-1)} 

Here, it is y (i). The output (amendment target air volume which carried out delay amendment) of the first- 
order-lag filter 69, and y (i-1) The output at the time of the last operation of the first-order-lag filter 69, and 
ts It is a sampling time. 

[0034] And the target EGR opening operation means 54, the target WT tooth-lead-angle value operation 
means 56, and the target SCV opening operation means 57 are amendment target-air- volume y (i) which 
carried out delay amendment with the inhalation-of-air delay compensation means 66. Based on an engine 
speed Ne etc., the control parameter (target EGR opening, a target WT tooth-lead-angle value, target SCV 
opening) of an air processing subsystem is calculated on a map etc. 

[0035] Since the control parameter of an air processing subsystem was calculated using the amendment 
target air volume to which only the amount of inhalation-of-air delay carried out delay amendment of the 
target air volume, a gap of the timing of the target air volume by inhalation-of-air delay and the control 
parameter of an air processing subsystem can be compensated with this operation gestalt (2) explained 
above, and the operation precision of the control parameter of an air processing subsystem can be improved 
with it. 

[0036] You may make it [operation gestalt (3)] this invention switch the 1st control mode which calculates 
the control parameter of an air processing subsystem using target air volume, and the 2nd control mode 
which calculates the control parameter of an air processing subsystem using a real air content according to 
engine operation conditions. 

[0037] The operation gestalt (3) which materialized this is explained based on drawing 5 . The air 
processing subsystem control program of drawing 5 is performed by ECU 16 for every predetermined time 
and every predetermined crank angle, and calculates the control parameter (target EGR opening, a target 
WT tooth-lead-angle value, target SCV opening) of an air processing subsystem as follows by it. First, it 
judges whether a current engine operation condition is steady operation at step 101, and if it is steady 
operation, it will progress to step 102, and will switch to the 1st control mode, and the control parameter 
(target EGR opening, a target VVT tooth-lead-angle value, target SCV opening) of an air processing 
subsystem will be calculated by said operation gestalt (1) or the same approach as (2) using target air 
volume. Specifically based on target air volume, an engine speed Ne, etc., a control parameter is calculated 
on a map etc. 

[0038] On the other hand, at step 101, when judged with transient operation, it progresses to step 103, and 
switches to the 2nd control mode, and the control parameter (target EGR opening, a target WT tooth-lead- 
angle value, target SCV opening) of an air processing subsystem is calculated using a real air content 
(operation value of the restoration air content operation means 59 in a cylinder). Specifically based on a real 
air content, an engine speed Ne, etc., a control parameter is calculated on a map etc. 
[0039] At the time of steady operation by which engine operation conditions are maintained almost 
uniformly with this operation gestalt (3) explained above Since it switches to the 1st control mode and the 
control parameter of an air processing subsystem was calculated using target air volume in consideration of 
the real air content being controlled by the condition of having converged on target air volume Even if it 
changes a real air content by a certain cause during steady operation, it can prevent that control of an air 
processing subsystem is confused in response to the effect of the fluctuation, and the stable air processing 
subsystem can be controlled. Moreover, at the time of transient operation from which engine operation 
conditions change, since it switches to the 2nd control mode and the control parameter of an air processing 
subsystem was calculated in consideration of the effect of inhalation-of-air delay appearing using the real air 
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content, it becomes controllable [ the good air processing subsystem of responsibility ] to change of the 
engine operation conditions under transient operation. 

[0040] With the operation gestalt (4) of [operation gestalt (4)] this invention, the air processing subsystem 
control program of drawing 6 is performed for every predetermined time and every predetermined crank 
angle. If this program is started, it judges first whether a current engine operation condition is an idle state at 
step 201, and if it is an idle state, it will progress to step 202, and will switch to the 1st control mode, and the 
control parameter (target EGR opening, a target VVT tooth-lead-angle value, target SCV opening) of an air 
processing subsystem will be calculated by the same approach as said operation gestalt (3) using target air 
volume. 

[0041] On the other hand, at step 201, when judged with the time of transit, it progresses to step 203 and 
switches to the 2nd control mode, and it is the same approach as said operation gestalt (3), and the control 
parameter (target EGR opening, a target WT tooth-lead-angle value, target SCV opening) of an air 
processing subsystem is calculated using a real air content (operation value of the restoration air content 
operation means 59 in a cylinder). 

[0042] With this operation gestalt (4) explained above, at the time of an idle, idle rotational speed is 
stabilized and the car vibration at the time of an idle etc. can be reduced by switching to the 1 st control 
mode. Moreover, at the time of transit, it becomes controllable [ the good air processing subsystem of 
responsibility ] to change of engine operation conditions by switching to the 2nd control mode. 
[0043] The operation gestalt (5) applied to the injection engine in a cylinder which injects a fuel directly for 
[an operation gestalt (5)], next this invention into a cylinder from a fuel injection valve is explained based 
on drawing 7 . However, the same sign is substantially attached to the same part with said operation gestalt 
(1), and explanation is simplified. 

[0044] The combustion mode means for switching 71 chooses homogeneity combustion mode (injection 
mode like an inhalation-of-air line), or stratification combustion mode (compression stroke injection mode) 
from a map etc. according to the demand torque and the engine speed Ne which were calculated with the 
demand torque operation means 51, and switches combustion mode. For example, stratification combustion 
mode is chosen in a low rotation field and a low torque field, a fuel little in this stratification combustion 
mode — a compression stroke — the inside of a cylinder — injecting directly — stratification — fuel 
consumption is raised by forming gaseous mixture and carrying out stratification combustion. Moreover, 
homogeneity combustion mode is chosen in inside and a quantity rotation field, and inside and a quantity 
torque field, this homogeneity combustion mode — fuel oil consumption — increasing — like an inhalation- 
of-air line — the inside of a cylinder — injecting directly — homogeneity — engine power and the output 
torque are raised by forming gaseous mixture and carrying out homogeneity combustion. 
[0045] In homogeneity combustion mode, the control parameter (target EGR opening, a target WT tooth- 
lead-angle value, target SCV opening) of an air processing subsystem is calculated as well as said operation 
gestalt (1) using target air volume with the target EGR opening operation means 54, the target WT tooth- 
lead-angle value operation means 56, and the target SCV opening operation means 57. Under the present 
circumstances, you may make it calculate the control parameter of an air processing subsystem like said 
operation gestalt (2) using the amendment target air volume to which only the amount of inhalation-of-air 
delay carried out delay amendment of the target air volume. 

[0046] On the other hand, in stratification combustion mode, the demand torque calculated with the demand 
torque operation means 51 is changed into target fuel quantity with the target fuel quantity operation means 
72, with the fuel-oil-consumption operation means 73, the multiplication of various kinds of correction 
factors (a cooling water temperature correction factor, an air- fuel ratio feedback correction factor, study 
correction factor, etc.) is carried out to target fuel quantity, and final fuel oil consumption is calculated. And 
the multiplication of the target air-fuel ratio is carried out to target fuel quantity, target air volume is 
calculated, with the target throttle opening operation means 75, target throttle opening is calculated based on 
target air volume, an engine speed Ne, etc., and real throttle opening is controlled by the target-air-volume 
operation means 74 to target throttle opening. 

[0047] Furthermore, in stratification combustion mode, the control parameter (target EGR opening, a target 
VVT tooth-lead-angle value, target SCV opening) of an air processing subsystem is calculated using the 
target fuel quantity calculated with the target fuel quantity operation means 72 with the target EGR opening 
operation means 76, the target WT tooth-lead-angle value operation means 77, and the target SCV opening 
operation means 78. 

[0048] With this operation gestalt (5) explained above, since target fuel quantity is used at the time of 
stratification combustion operation and the control parameter of an air processing subsystem was calculated 
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in consideration of controlling an engine torque by fuel quantity during stratification combustion operation, 
the proper control parameter according to demand torque can be set up. Moreover, since target air volume is 
used at the time of homogeneity combustion operation and the control parameter of an air processing 
subsystem was calculated in consideration of controlling an engine torque by the air content during 
homogeneity combustion operation, the proper control parameter according to demand torque can be set up. 
[0049] In addition, you may make it switch the 1st control mode which calculates the control parameter of 
an air processing subsystem using target air volume, and the 2nd control mode which calculates the control 
parameter of an air processing subsystem using a real air content by the same approach as said operation 
gestalt (3) and (4) during homogeneity combustion operation according to engine operation conditions. 
[0050] In addition, it replaces with calculating the control parameter of an air processing subsystem using 
target air volume, and you may make it calculate the control parameter of an air processing subsystem using 
a target intake pressure, and may make it, calculate the control parameter of an air processing subsystem, of 
course in said operation gestalt (1) - (5) using both target air volume and a target intake pressure. 
[0051] Moreover, although the engine 1 1 of said operation gestalt (1) - (5) is altogether equipped with EGR 
valve 40, adjustable valve timing equipment 30, and the swirl control valve 20, it can apply this invention 
also to the engine with which two of one or functions of these were omitted. 

[0052] Moreover, the control parameter of an air processing subsystem leading to [ of the air content with 
which it is filled up in a cylinder ] fluctuation is not limited to target EGR opening, a target WT tooth-lead- 
angle value, and target SCV opening, but may contain control parameters other than this (for example, an 
adjustable valve lift, an EBAPO purge system). In addition, although you may make it calculate all those 
control parameters based on target air volume (target intake pressure) when two or more control parameters 
of an air processing subsystem leading to [ of an air content ] fluctuation exist, you may make it calculate 
only some [ main ] control parameters of them based on target air volume (target intake pressure). 

[Translation done.] 
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* NOTICES * 

iTPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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